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.Al\srJ’ltAc:r.l’

WC report tllc first ctetcc,LioIt  of t,]]c  WC! S~CJIl  bowshock  corllporler}t  fro]])

]li,.AS? ill N~~ ]333  a]c)llF, WjL}l c)~selv:itiolls  of pIcvic)tls]y cletjc~~cd  shocks

and  O u t f l o w  Wi]lc]s  f]o[Il t]lis  SOUICC a,llc]  t}lc)sc  florrl J]t.-\SIl,  we c,oIn])aIc  th~

Silock ;\ IIC{ c)~ltflc)w  distIit)~ltiOIls  fIc)IIl t}l~se twc) yol]Il~, ste]]a  I objec Ls, a,IICl thC

locatic)Ils  of othcl  YSOs,  with the ovelall  clist,rit)utioli  of tllc cieIlse  ]Ilolccular

g,as iIl t]IC star fc)rllljrlg  COIC Llsirt:,  ]Ii:, h s~)atial  rmolutioll  obscnvatio[ls  C)f C S

(J : ? ~ ] , 3-> ‘:~, aIICl 5-> 4) C]I)issioll  II}adc wit} L}  IC]}{ . - l l l301 ,1  artc~,~a.

‘1’}]C!SC  c.c)IrlpaIisorls  p~oviclc  a IICv+ ]JiCtu7C  of tile HIOl-pllO]C)gy  arid clyllar[lics O f

tl]e star folrrliIl~,  COIC of NGC ]333. ‘1’lic (;S rlla~)s  SIIOW: 1 ) a la.Ige cavity with

lllally  YSos ju s t  at t,llc  ilITlcl  CCi~,C of the cavity;  2) a, dCIISC coIrl~~ressed  shcil  a t

8 krrl s - ] ;  a.rrcl, 3) a g,as layer at- ? kr~l S-  ‘ pIObab]~  located irlsicic  the cavity. We

frrlcl  t ha t  the ]]~i\S2  a~[c~ ]}Lc\SZ] o~ltflows  il[i~)a,ct  diffdrC1lt  p,as laye[-s as il[dica ted

t.)~ the s~)a,tial  assc)ciatiorl o f  t,]]c r~d a,rlc{  blll~ slrift~cl  lc)b~s, arlc] tlla,t ]lL,.\S2 i s

10 C~te(l  II C,3,1-  t}l~ frc)]it  C({p,e c)f t}r~ CS s]IC1l.  ‘J’}Ic  b~][st of stai fc)Irr]at ioIl, lvllic]t

has slla~xd  NG(j ] 3 3 3 ,  i s  c)cc.\llIill~,  ill tile  CcJ]II~}ICSSec\ s}Ie]]  tIac.cd by (;S alld

rlow a~)~)ears to bc ir~ a, late evc)lutiollary  sta,p, c.

SILh~CCt hC(LU!2’IL~S.”  )SM: iIlclividLlal  (No~(: ] 333);  ]SNI:  jets aIIcl o u t f l o w s ;  l S M :

IrlOIC’CU]C!S  - s t a r s :  forrriatioll





. .
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Star’ forIIlatio[l  driveIl  bv  wiIl~s sp~~e}]iIlg,  U~J Il)atc!ria] a,IIC] shock  Co IIlprcsSi Ilg t]le gas..

2. O} ISI’:}{VA2’IC)NS

our r~su]ts are based  OIL SiIIIU]taIIC’OUS  obscrvatiorls  of t h e  cS IILolccule iIl three

traIlsitiorls,  J= 2- )] , ~- !~l, aIld f)- >J III~dc  iIl SCpt,CIIIbeI ]995  w i t h  ihc Ilt.-\lf 30111

tdc!scc)pe. ‘] ’he w e a t h e r  w a s  always  stab]c  arid clear duliIlg the c) bscrvatiorls,  ‘J’hc t}lree

S 1 S  rec.~iv~~s  W~IC ca]ibIatCcl  by iIlserti  Ilp, two CIif)’crcrlt te[rl~,cIatl-lIc loads. (’l]] t}l~ receivers

WC!IC c(JI]I[ectc[]  to the sa,r[l~  baCkellc],  art aLILocoIrClator  s~)lit  irlto th ree  paIts.  ‘1’]Ic spectra]

reso]utio  Il was abo L1t (). ](j kl r l  s- 1 a,rld the 11})1 IPV was ?5”,  16”) aIld 10” at 98, l~!~, and

?:1: (;117,,  respectively. M o s t  of the data were  obtai Ilccl usine, the fre(!uc!lcy  sw’itchiIlp:

IIIC)CIC! With  a shif~ o f  T.Y N1]]Y, for t}l~ ~ a,Ilcl 3111111  Icccive]s aIlc{ ]j).1 N1lIZ foI the 1  II ITII

r e c e i v e r .  PVC USCC] the positiorl  slvitc}lirlp,  Irlo(]c ill a,ll~ a,lcJullcl  the hoW s]locks a,rlcl outjlow

sOUrC.c5  to iIlcrease t}le vC]o City CovC[agl~  (off posit  ioIl:  ]{.-\  = ]~’ a[ld l)};c  : 6’ about

t h e  ccIltcI). PVe IIlappcd  OII a urlifoIxIl l~~j”  g,rid iIl tllc  c]oud  and every  ]?” aIOUIICl  th~:

s}locks aIl(] o~ltflow sources,  ~j]]  Offsc:ts  ~cfcr to the Cerlter of the I[lap (Ssv]  {3) Situat,cd  a t

cy(1950)  , 03h?,5’’’.4S.4S aIlcl 6(1950)  :  31 °05’119”., ‘Ihc full ~S rIlal)  covcIs  .1?()” irl }L;\  arIcl

6~o” i))’;{;.  ]“01 receiver ca,libt:ltioI~  s~v~Ia,]  kIlowI)  SOUICCX  weIC II1oIlit@rcd regularly c]uTiIlg,

tll~ CouIsC of the observa,tioIls. ‘J’h.e poi I)ti Il~, accu  Iacy was chcckcd  every two lIOUIS  011

l)]aIlets  01 ColltiljLILITll  sources  a,rlcl ~va,s }jc:ttcl  tha,ll 3“, ‘J’hc s p e c t r a  \vCIC CC) IICC,LCCi  for bca,II]

cflicicIlc,y  arid all irltcrlsities  are giver) iI( UII

’31<.

ts Of Irl:Li  Il bCZiIIl t) Ii#ltIleSs t, CIIlp CI’atLII”C

lI;SIJl:l’S

.]11  }“i~ur~  ] W C!  ShOW Our’  cs(~-  }Z) iIltc!Ilsity IIlap, irltc~,  ratd C) VCI- the clltilc  veloc~ty

raIlge,  inc]tldillg  t}~e ]iIle wiIlg,s  (the lC)WCI l~sc)]LltioIl  (;s(~. ~1) I1la~~ is siI[-li]aI).  ‘J’]Ic ca,vity i s



:.) -

3.1. I}{AS4  ar)d lIlAs2
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f.cature  i s  SeCIL  jr, ~S(~- >]) lj~~t ~l~t ill ~S(~- >4) aIIC] ~lsc, at 11{.-\S~/} jrl a]] ~ [:S trar]sitioris).

At the ]ocatioll  of t]le I~~f\S~ ~a,steII) a,li~ ~v~stclIl o~ltf]ows the ceIltcr  ve loc i ty  o f  t h i s

s}lockec{  gas charlp,cs VCIV raFjj C]]Y as Ive lllCJVC a,]c)llg  t]le axis of t})c (Jutflo}v  (1’ip,ure  ?b) /\t.

offset (-21 6“, -72” ) or~]y the aInhicnt  gas (L\V w 1 krn s- 1) is pmerlt, yet withili  1!?” t he

sllocke~i g a s  is evjc~eIlt as  SeCII  at (-~04”,-  ~~j”) ill }’}ip;llrc ? ,  where  it peaks at  VI,, AI 1 kr[~

s- 1 aIId h a s  a  liI]e width  about  7 kIn s-  1. ‘]’hc peak ir] the spectruIrl  of the shocked :,as

s}lifts t o  about  2.5 kill s-  1 at (-1 92’’, -7’2”) aI}cl reaches a I[laxiIIluIn shift of (i.:)  kTIl s- 1 at

(-144”, -’72”), t}]e easterll-~r)ost, edge of the shocked regio[l. ‘J)hc lar:)c velocity :L-adient  at

the Wcsterll ~c]g,e is c~la,~actcrjs~ic  Of t}l~ ]Ca,CliIl~,  ec]ge of a s}Iock w~LcIe t}lc  aIl]bicIlt  g,a:l i s

UIldcrg)oi Itg; ac~c]~~a,tioll, Wf: ~st,jI]la~e  t~la,t t~le I[laxjIIluIIl velocity  :Iaclicrit,  i s  equal tO “[50

kill  S- 1 J) C-  1 at (-l S6”, - 7 2 ” ) .  ‘J’he CS s])ec~ra of t}lc castcr~l  tIow-shock  II{IJS?}’;  shc)w both

arl”l’oierlt  coIJ”}~)oIlcIlts  aI1ci t}le shock  elllis~ioll, ]11 OUT ~S(~-  }jj) I1la[I (}’i~,Llrc  :1) t,]lc eastern

bow-shc,ck  exteIlds OVCI .!()” t)y ~(1” i]! ]L+I aIId ])](~~, rcs~)t”ctive}y. ‘J’hc siIock cI[lissio I[

ovmlaps the 8 kln s- 1 corIlpo  Iie Ilt rllakirlg,  it cfifficu]t  tcj cluarltify the liIlc ~)a[aIIlcte Is.

III the (js(3-  }2) and (2- >1) IIIZL1)S the ‘ [  kIrl S-  1 corJlporleI[t has aIl uIlusual  vclocitry

distIibutioI1.  ‘J’hc! ]ille p e a k  velocity is ccJIlstarlt  (VIST A ‘i’.:? k rn  s- 1 ) over’  IIIUCh  o f  t he

lIla,~) excrpt a t  two locatjc)Ils W]ICIC it is rr(~l~}l  ]olvcr,  w fi.rf) kIIl s-  1. OIIC Of t}lC!SC iS C]OSC

tO ttlC C[l~  o f  th~ ~~[~ ~}~:\S~,  ~asterll  o[~tflow  al,~l t}~e o~]l~~ is sjt~]at~(l  a t  t}l~ erl[~ of the

b]ue JIt.Lj SLl.:\ Outf]ow. ‘J’he  rcgjoll ~,t the ~llc[  of t}lc ]}t~\SI),  re(~ 10L)C (l~L.L\S?}I~) is a ,  kI\c~wI\

s}][)ckc([  rcgioll  ~ccolllptllljc~  Ejy arl jT1clczlsc  ill t}lc ~]cllsjtY  of t]le alllt)jellt  ~,as (Sa II C]C]l CL al.

1994). ‘J’lla,t t},esc “ve]ocity  }]()]es” arc exa Ctly sit~la,te(]  ir) the eIl~ Of tllc  II]c)lcc.ll]ar  o~]tf]ows

is ccrtai Il]Y Ilot accicleIital,  but is I)rot)at)ly  rela, tcd  to the sl]ock. Additioria]  ol]sclvatio[ls

arc rleedec]  to clarify this poi][t. ‘J1hc spatial Irla~) of (; S(3- ~!2) irltensity irltc:)ratcd only ovm

t h e  ‘( kill  S-  1 ]a,ym (IIOt ShOWII),  reveals that t]lesc  iIlteIa~tioIl  I-eg,iorls  bctwceIl  t}le  c)~ltf{ows

aIlcl  the aIIlbieI1t  Irlolecula,r  gas sit jIl the “( kIIl s- 1 layer. I’urthcrlrlore,  the  IIIa~)  of the t w o

o(\tflow ]ot]es c~ljvexl t)y 1~~./\S4  ShOWS that it is the L)]llc  ]c)~c w~~jc}l  is jrrl~)acti]lp;  ~r]to the ‘ 7
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kIII s-  1 layer.  ‘1’hcreforc  the 7 kTII s- 1 ]:lYCI”  ]if7S iIl fl”OIlt O f  thC!  8 kiIl S- 1 Orle

79.- .4. l’lxcit, at, iorl  Collclitiorls

WC’ used t]lc t,hlcc  ~s t,Ia,Ijsiti~)I\s  a]OIIg wil,~l  arl ],v(j c~citat,ioIl  rIIodc] t,o cstilrlate

t}l~ dcllsity,  II(]]Z), a,Ir~] COl~lrIrIl d~Ilsity,  ~(~s), O f  t]le gas cOITIFJoIl~:lt,s  aciCJptiIlp;  the

co]]isio I\al  cxcitatio  Ir rates of (~lccll &, ~]laljllla,Il  (] 91-8). “J’}Ic  ]iIlc ~Ja Ia,rIlctcIs WCIC dcrivecl

by fii, tirl~,  a ga, ussiaIr t,o each Cc)Ir-rpOIlcIlt. LV}IerI arr c)utflow  wiIlg,  was pleseIlt,  as at (1 08”,

-1 56”) iIl fip,urc 2a, we subtracted i ts  corltrihutiorl  to the a,rrrbic!]t  liI[c usirl~, a polyIro  Irlial

ext I’a~)O]ati  OIl of t}!c oLltflow wilrg OVCI t,hc! velocity  Wfidt}t  c)f t}lis  ]iIrc.  ‘1’hc h a r d e s t  case  tO

fit is  W]lCIC’  t])e shoc~ec]  r~~at,~~ial  i s  IIca:]y  LJ]CILC]CC1  Wil,ll the C]OUd co[I”lpo[!eIIL (e.:]. 11t~\S2h1

boiv-shclck). }lcrc w c  e~t,r’actec]  L}IC al[rt)i~x\t.  ]irle parar[le!,ers  f o r  t]~c C]OUC{ assuIrliIlg  t][~

Sa,IIle  ]iIICwidt}l as iIl t}l C rr~a,r~)v  spCCt~a  aI~C~  a ga,~lssiaIl s~apC for the shockccl cIIlissiol\

IiIre. I t  w a s  iIrl~~ossi\>]c  to fit all thI~~  tra~\si~ioI,s  sc]f-c,o],  sist,erltly aIlc{ a,lso dctcrIrliI~e  thC

kiIrctic, tcrIII]eIatule. ‘]’~lis iIJC,CjI~sist~~lC~  s~)p)g,~st~  ~}ra,t the ~)u]k o f  the ~S(z)- >~1) errrission

r~]~~ t)C Colllflr@,  frC)IIl  the S]lockc[]  ~,as at ~}le ~(., c)f tlie arIltJimt  CCj II IPOILCIIt,  S arid  licIrcc that

i t  i s  clif[icult  to dctclIrliIre  tile coIIec,t  ,~)- }! il!t~I~sitv  to Il~C f o r  t}le ~~citatic)ll  alla]ysis C)f

t]r~ alrrt)iCIlt  $,as. ‘]’}l~I~forc ~ve Llse(] C)II]~  t}r~ (~s(~- ,~~) aIrc] (?- ,]) tla, Irsitio Irs, ass LIIlli]l~,

a kiIlctic  tcr[]~,craturc  of 20]< (Walilr et a ] . ) .  ‘j’ypical  so]utioIls  ale :Jiver)  iIr ‘J’ab]e 1  arrd

s~lrrrrr]ari~~c]  here. (] ) lI(]JZ) ;IIIC] ~(~s) ill the two  ]aycI-s aIc fai I-ly ulrifoII~r  a.rld CJIl a v e r a g e

‘~ x  ]05C .111-3 aIl(l 2 X  1013  Clrl”2, I-cs~)cctivcly.  ‘J’licsc  va]ucs  iIlclcasc  slip,  htly at llt,.ASl}’J

~)CI}IiI,I)S iIrcli~ati]lg  the pI~S~]lC~  of a  ~~~ls~p C~IC. ($1/) “J)~rc ~S(~. >(j) ~~rlissioIr  SCCIIlS to COIIIC

]I]a,i]lly  froIrl the s}rockcc{  gas,  except  iIl t}lc “( kIrl s- ] layeI Ilea,r Jll,)\Sll’;  , whcJe  a, cc) IlsisteIlt

thlCc  tlaI1sitic)rl  solutic)Ir  caIl bc fC)urrcl if ‘J’~ = 40K, (3) SaIlcle]l ct a , ] .  gave  N(~S) ~ 1 . 4

x 1014 cIr]-  2 for the red shif ted }ligh veloci ty /,as  iIl tllc  F;a,st  how shock assurrli  Irg, t ha t

~S is o])tica]]y  t}liI] a,Ild th~III]a]ized  at ~.~ K. WC bclicvc  their vall,e  of N(cS) is  too high
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becausc  t}ley did  I~ot subtra,ct  the cloud  coIrlpoIlcr)t. ‘J’hcy also say that the dip iIl their

~S(~- )<1) sl)CCtlLIIl”l  IIla,~  I)c! dLIC t o  I“esi(]Lla]  (;S CIIliSSIC)Il  ill t]lC rCfCL’ellCC  ]) OsitiO1l  a]t~loU~;h

they appamltly  did not verify  it. WC believe,  iflstcad, that their s]jcctral slIzLpe  i s  ciuc

to overlap of the two arIlbicrlt corr-rporlmlts. We also calculated corlditio[ls  in the warmer,

prcsulllahly  shocked, part of the :as usill~,  only  (; S(5- ~4) a~ld (3- }?). ~tc~)rmelltativc  rc:,ults

axe givel~ ill ‘1’able 1  usil~:,  ‘1)~ : ‘l OK. ‘J’lle  dcllsitics  uki I[g ~S(5- ‘1) arc II ILLCh  }Iighcr t}aIl

t hose  obtaillec{ with CS(2- }1) a,rld (3- ~?), however  ?J(CS)  is still fi 1-? X 1013  cIII” ‘. Nea I

lli:~S4..\, at (96”, -156”) irl the ‘i krr] S- 1 layer> ri(ll~)  Y S X  10s Crrr-3~ and  N(CS) P-’ 2 X

]013  CIII  -  2, C1OSC  t o  t h o s e  cstirIratcc]  by lllakc et al. (1995),  ‘1’hus  tl[c IIL.-\S2II;  ‘i k?rl s-  1

]aycl- at t h e  shock  ]OCatjOII  sh~pvs, as cxpcctc(l, a deIlsity  eIlha,rlcerI-reIlt.

4. 1)1 SCIJSSl  ON

‘J’hC derived physical  coIlciitioIrs  pIcsellte~] ZLtjovc arlci the ]ocatioI[s  of tllc YSos su~~~~st

a IICW ilict Llle of t~l~ strr-lctLll~  a,rlC~ ~]yr]arrli~s  of the stal-  forr[li~[:, core of ~~(~ ] ~~~j.  ‘J’}IC!

]li:, h rcsolutiorl  CS ma.l)s show a shell of deItsc /,as,  II(IIZ) cw ‘2 x 10s CrIL- 3. ~OrIll]a.LisoIl  w’it}l

I“CCerlt Ilcar.  arlcl fa,~-1}~ obscrva,tic~Ils  (~\s~JiIl  et a,].; ],ada,  et, al, ) s}Iow Irla,Iry YSos jLlst  a t  tll~

iIII~e~ ed~)~ of  t}le ca.vit~,  ‘]’h~ sOUt}l  CI”Il ~la,]f of th~ ~~,~ ] 3SS COIC! a~lJ)CMI”s  to  he COrrl~)o~;ed

Of tWO g,as ]a,ycIs wit}] ve]ocitics  t~lat dif/’c  I by ZLt IIIOSL  ] .? kIrl s-  1 -drlci  which  Ir]cr’g,c iIlto a

siIlg)lc  broac] fca,ture  to the soLlth of SSVI  3 (1’i~,urc 4). ‘J’}Ie 8 krn s- 1 gas coIIlponeIlt  exists

alr]lc)st  evcJywlIcre  ir[ the Illaps,  wllilc  tllc  ‘[  klrl s-  1 c~r(c is oIIly lc)catecl  irl the sou th  (ILA

‘ ‘ 2 0 0 ”  tO -]()()” a,lr~ ])~1~ : .~zj(j” to .[J(Y’ ). 11] oIcler  for IRAS2  to Ilavc its reel outflow

illl~)act  the 7 klll s-  1 gas  laycI arid its bluc f low the 8 k~[) s- * g a s layer, while the oppc)s”~te

i s  tlLIC! for 1 R A S 4 ,  these sourc.m Inust  Lc ]oc,a,tcd 011 o~)~)osit~  sic]cs c)f tire “/ kl?l s- 1 la,ycx.

‘l.’lLjs  jl)c~jcates that  the ‘( kl[) s -1 layer is prc)bahly  located irl the rnic{dle  c)f the clcjud illsicle

t~lc cavity. I)UC to the positioIl  of tlrc ‘i’ kIrl s- 1 laycrj this ~>attcrIl  inclica,tcs that lltAS2  is
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locatcci  Ilear the frol\t  cd:,e of tllc CS sllcll.
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‘J’ab]c  1 :  NG~ 1333 ],jlle ~’a,r~][letcls  a,rlcj  ])]lysical  I’lopcrties  flO1[l (;S

1RAS2

IR:ls:?w

C1OLI(I

(&Y, A($)

(“)”)
(96,-156)

(96,-156)

( 0 , - 1 0 8 )

( 0 , - 1 0 s )

(-24, -10s)

(-2?4,-10s)

(-120,-96)

(-12? 0,-96’)

(-216, -7’2)

(-192,-72)

(0,-168)

(0,-168)

(96,-156)

(96,-156)

(-1?, -108)

(-1?, -108)

(. Q4,.] 08)

(-24 ,-1 08)

A v v/$, ‘J’,,L~(2-1)  “1’,,, ~(3-2)a ‘J’,,L~(5..l)6  ,,(]12) N[cs)

klr)s-l  kills-* K K

1.1

1,1

0.9

].?

],?

0.9

] ,?

] ,2

1. ‘1’

] .4

0.9

1.0

1,1

1,1

1.1

1.0

1.1

1.0

8.2

6.6

s.]

6.8

s . ]

6.6

8.0

“(’.0

>.9

“(. -i

7.8

6.9

s.?

6.6

s.]

6.6

8.1

6.[i

1{ CII1-  2 CII1-  2

?.J(5)

‘2, s)(3)

4.4(:))

3,’1(5)

5.0(3)

2?.7(.:))

~’(~)
1 .’((5)

1 ..1(:))

2.1 (!5)

3.1(:))

1 ,9(:))

l.”i 1.6(6)

? “( 8.0(:))

1.7 1 .’2(6)

1.9 3.6(5)

3.9 :?.3(6)

4,3 4.3(5)

1.3(13)

:?.4(13)

1.1(13)

2:!(13)

1.1(13)

4.1(13)

1.s(13)

1.1(13)

~.cl(]:j)

1.:(13)

1.:; (13)

:?.3(13)

6,6(12)

1.6(13)

“(.5(12)

1.9(13)

1.4(13)

3.8(13)
; ‘1’hc (3- }?) data has  Ixcn dc:,raclec{ to the (2- )1) rcso]~ltic,rl  foluse  wi th  the  (:2- }1) d a t a

.311d wc adopt  ‘~’k I ?() K .

b ‘J’}IC  (5- }4) clata has bcml clcgl-aclcd  tc, t]lc (3- >2) rcsolLltic)ll  for LISC! with  t}ic (3- )1) d a t a

axlcl wc adopt  g’k =. 40 K,
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“J’his rIlarluscx-ipt was pjcparccl  with tlie A.AS lA’J],’~  Inacxc)s v3. O.
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Fi/;. 4,- (;hailllcl  Irlaps of  ~S(3-  >2) cnlissic)~l  prilrlarily  of  the axnbic~lt gas  every 0 . 5  klil

S -  1 frolrl 6.0 t o  9.5 krl~ s-  1. ~o~ltoum  g,o frolll  0 . 4  tcj 5 by 0 . 4  K  klrl s-  1. ‘J’}tc ‘/ krl”l  S-  ~

cc)lt-l~lolicl~t  i s  l oca ted  in t he  sou th  aricl  Irl C! I”&CS i]lto  t}lc lar~)el  8 kill s- 1 layel  I]car  SSV1 3.

~hall)lCls  colltaillillg;  OIIly hiF;}l  vc]ocity F,a,s (frol[l  -~ t o  ~ a,r~d fr~r[l  ] () t o  ]  S kT1l  S - l )  h a v e

bcerl  drop~)ccl  to r]lake  the  figure  clcm-cr.
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